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ATLAS  OF  ARCTIC  ENVIRONMENT 


1 .  Introduction 

This  text  provides  supplementary  information  concerning  sources  and 
RELIABILITY  OF  A  SERIES  OF  TWENTY-TWO  MAPS  PREPARED  AT  THE  REQUEST  OF 

the  Geophysics  Research  Directorate,  Air  Force  Cambridge  Research  Labor¬ 
atories.  The  purpose  of  the  stuoy  was  to  map  the  distributions  of  vari¬ 
ous  climatic  and  terrain  phenomena  which  might  influence  the  selection 
of  unprepared  landing  sites  for  wheeled  aircraft  in  the  Arctic.  The 

STUDY  AREA  INCLUDES  ALL  LANDS  MORTH  OF  65  DEGREES  NORTH  LATITUDE. 

Despite  the  presence  of  dashed  isopleths  over  ocean  areas  (included  to 

GIVE  CONTINUITY  TO  THE  LINE3J,  NO  RELIABLE  INDICATION  OF  LANDING  CONDI¬ 
TIONS  ON  SEA  ICE  IS  INTENDED. 

V* 

Major  references  used  as  sources  of  ata  in  compiling  the  maps  are 
listed  in  Section  4.  Other  source  materia  3  which  were  used  to  a  lesser 

EXTENT  ARE  TO  BE  FOUND  IN  THE  BIBLIOGRAPHIES  CONTAINED  IN  CERTAIN  OF 
THESE  REFERENCES.  ENTRIES  CONTAINING  SUCH  BIBLIOGRAPHIES  ARE  PRECEDED 
BY  ASTERISKS. 

2.  Discussion  of  maps 


a •  Major  physiographic  features  (Map  l) 

The  Polar  Stereographic  projection  on  which  all  maps  in  the 

SERIES  BASED  WAS  ADAPTED  TROM  THE  ARMY  AiR  FORCE  STRATEGIC  PLANNING 

Map  of  the  Northern  Hemisphere  (SP-5),  published  in  January  1945.  The 

HYPSOMETRIC  SHADING  ON  THIS  PARTICULAR  MAP  IS  DELIMITED  BY  CONTOURS  AT 
SEA  LEVEL,  1,000  FEET,  5,000  FEET,  9,000  FEET,  AND  13,000  FEET.  AREAS 
ABOVE  13,000  FEET  ELEVATION  ARE  CONFINED  TO  VERY  SMALL  PATCHES  IN  THE 

Alaska,  Wrangell,  and  St.  Elias  Ranges  of  southern  Alaska.  Although 

UNSHADED,  THEY  ARE  DIFFICULT  TO  DETECT  AT  THIS  MAP  SCALE.  NAMES  OF 
PHYSIOGRAPHIC  PROVINCES  ARE  ESSENTIALLY  THOSE  OF  LOBECK  (9)  WITH  MINOR 
MODIFICATIONS  BY  THE  AUTHOR. 

b.  Vegetation  zones  (Map  2) 

The  zones  of  natural  growth  shown  on  this  map  are  based  upon 

DENSITY  AND  HEIGHT  RATHER  THAN  FLORISTIC  COMPOSITION.  THE  MAP'S  USE¬ 
FULNESS  LIES  IN  THE  SUGGESTION  OF  RELATIVE  OPENNESS,  SURFACE  VISIBILITY, 
AND  AVAILABILITY  OF  MATERIALS  FOR  CONSTRUCTION  AND  FUEL.  MANY  OF  THE 
LINES  REPRESENT  TRANSITIONS  WHEREIN  TWO  ADJACENT  ZONES  INTERMIX  RATHER 
GRADUALLY  THROUGHOUT  BELTS  OF  VARIABLE  WIDTH. 

One  OF  THE  MOST  SIGNIFICANT  LINES  ON  THE  MAP  IS  THE  NORTHERN  LIMIT 

of  Forest  Tundra  which  represents  the  northern  extent  of  tree  growth  in 

MOST  AREAS.  THIS  WAS  DERIVED  FROM  POLUNIN  (ll),  WHO  BASED  ITS  POSITION 
ON  A  CONSENSUS  OF  SEVERAL  AUTHORITIES. 


The  shawl  scale  of  the  hap  and  many  gaps  in  the  basic  information 

HADE  IT  NECESSARY  VO  GENERALIZE  WITHIN  ZONES.  FOR  EXAMPLES,  THE  TUNORA 
ZONE  DOES  NOT  SHOW  THE  CONSIDERABLE  AREAS  OF  BARREN  GROUND  WITHIN  IT, 

NOR  DOES  THE  FOREST  ZONE  REFLECT  THE  EXTENSIVE  ECONOMIC  DEFORESTATION 
WHICH  IS  COMMON  IN  SCANDINAVIA  AND  IN  THE  RUSSIAN  LOWLANDS  SOUTH  OF  THE 

6Gth  parallel.  The  zonation  for  much  of  North  America  was  taken  from 
the  Atlas  of  Canada  (3)  while  the  Great  Soviet  Atlas  (17)  provided  the 

PRINCIPAL  AUTHORITY  FOR  EURASIA.  VARIOUS  OTHER  GEOGRAPHICAL  REFERENCE 
WORKS  WERE  CONSULTED. 

c.  Station  locations  and  political  divisions  (Map  3) 

All  stations  were  located  by  coordinates  given  in  the  most 

RECENTLY  AVAILABLE  GAZETTEERS  BY  THE  U.S.  BOARD  ON  GEOGRAPHIC  NAMES. 

There  are  about  350  stations  shown  on  this  map;  however,  data  from  more 

THAN  900  STATIONS  WERE  UTILIZED  ALTOGETHER.  SPELLINGS  OF  NAMES  ARE  THOSE 
CURRENTLY  RECOGNIZED  BY  THE  BOARD  ON  GEOGRAPHIC  NAMES,  EXCEPT  FOR  CERTAIN 
SIMPLIFICATIONS  THAT  HAVE  BEEN  APPLIED  TO  THE  TRANSLITERATION  OF  RUSSIAN 
NAMES  AS  RECOMMENOEO  BY  SHABAO  { 1 4)  . 

Locations  shown  for  ships  or  floating  ice  stations  are  for  both  the 

WARMEST  AND  COLDEST  MONTHS  ON  RECORD  AND  ARE  THE  AVERAGE  POSITIONS  DURING 
THOSE  MONTHS. 

0.  Daily  extreme  temperatures  (Maps  4  L  5) 

Of  all  the  climatic  maps  in  the  series,  these  two  WERE  BASED  ON 

THE  MOST  NUMEROUS  DATA.  RELIABILITY  IS  GOOD  IN  MOST  AREAS  EXCEPT  THE 
INTERIORS  OF  GREENLAND,  SPITZBERGEN,  AND  ELLESMERE  ISLAND.  WHILE  THE 
RELIABILITY  FOR  THESE  AREAS  IS  POOR,  IT  IS  SAFE  TO  SAY  THAT  MEAN  DAILY 
MAXIMUM  TEMPERATURES  RARELY  RISE  TO  THE  MELTING  POINT  ON  THE  HIGH  ICE 

caps.  The  only  stations  having  mean  daily  minimum  temperatures  above 

FREEZING  IN  VINTER  ARE  KRAKCNES  ON  THE  SOUTHWEST  COAST  OF  NORWAY  AND 

Thorshavn  in  the  Faeroe  Islands.  Lines  on  both  maps  are  drawn  at  inter¬ 
vals  OF  10  F  DEGREES.  THE  PRINCIPAL  SOURCES  OF  DATA  ARE  LISTED  IN  THE 
BIBLIOGRAPHIES  OF  THE  CL  I  MAT  I C  ANALOG  STUDIES  (5,  6)  AND  CLIMATIC  INFOR¬ 
MATION  Sources  for  Greenland  (7)  • 

(Errata:  On  Map  4,  the  two  small  70°  isotherms  inclosed  by  a  6o° 

LINE  IN  CENTRAL  ALASKA  SHOULD  BE  LABELED  JjO0.  On  MAP  5>  THE  EASTERNMOST 
-60 °  ISOTHERM  IN  SIBERIA  SHOULD  READ  ”50°.) 

e.  Temperature  frequencies  in  January  (Maps  6,  1,  8,  9,  10,  L  11) 

Most  of  the  data  used  to  draw  these  six  maps  came  from  the 

SEVERAL  VOLUMES  OF  FREQUENCY  TABLES  PREPARED  BY  RaYNER  (l2,  1 3)  ,  BASED 
UPON  RECOROS  OF  2  TO  10  YEARS.  THE  RELIABILITY  OF  MUCH  Or  THIS  INFOR¬ 
MATION,  ESPECIALLY  FOR  STATIONS  WITH  THE  SHORTER  RECORDS,  IS  NO  BETTER 
THAN  FAIR,  AND  RELIABILITY  OF  THE  MAPS  IS  VARIABLE. 


I  V 


Frequencies  are  shown  at  10-percent  intervals,  with  lines  tor  5  and 
95  PERCENT  GIVEN  WHERE  APPLICABLE.  A  LINE  DESIGNATED  0.1  PERCENT  HAS 
BEEN  DRAWN  ON  EACH  MAP  TO  0ELIMIT  AREAS  WHERE  THE  AVAILABLE  FREQUENCY 
DATA  REVEALED  NO  OCCURRENCE  OF  TEMPERATURES  BELOW  ( OR  ABOVE,  IN  MAP  6) 

THE  SPECIFIED  VALUE.  THE  COMPLETE  CLIMATIC  RECORDS  CONTAIN  AN  OCCASIONAL 
MEASUREMENT  BEYOND  THE  SPECIFIED  LIMIT,  BUT  OCCURRENCE  OF  SUCH  VALUES  IS 
BELOW  THE  0.1 -PERCENT  LEVEL  OF  FREQUENCY. 

(Erratum:  The  inclosed  5-percent  line  in  northern  Novaya  Zemlya 
SHOULD  BE  LABELED  20.) 

f.  Annual  freeze-thaw  cycles  (Map  12) 

The  lines  drawn  for  Canada  are  based  upon  actual  data  compiled 
by  Williams  (18),  and  the  reliability  of  this  portion  of  the  map  is  fair. 
For  other  parts  of  the  world,  values  were  estimated  from  a  nomogram  der¬ 
ived  from  the  Canadian  data  by  Dodd  (4)  and,  therefore,  are  less  defini¬ 
tive  than  those  based  on  actual  measurements.  The  basic  temperature  data 
THAT  WERE  APPLIED  TO  THE  NOMOGRAM  CAME  FROM  THE  BRITISH  AlR  MINISTRY  (2), 
Falkowski  (5),  and  Hastings  (6). 

ISOPLETHS  WITHIN  MOUNTAINOUS  REGIONS  ARE  SHOWN  ONLY  TO  GIVE  CONT I NU 
ITY  TO  THE  LINES.  OWING  TO  THE  SCARCITY  OF  DATA  AND  THE  DIFFERENCES  IN 
SEASONAL  OCCURRENCE  OF  FREEZE-THAW  CYCLES  BETWEEN  HIGH  AND  LOW  AREAS 
WITHIN  MOUNTAINOUS  REGIONS,  THE  ISOPLETHS  IN  SUCH  REGIONS  ARE  NOT  INDICA¬ 
TIVE  OF  ACTUAL  CONDITIONS. 

IN  THE  FRACTIONAL  NOTATION  AT  EACH  STATION  ON  THE  MAP,  THE  NUMERATOR 
INDICATES  THOSE  SEASONS  HAVING  AT  LEAST  40  PERCENT  OF  THE  ANNUAL  NUMBER 
OF  CYCLES  WHILE  THE  DENOMINATOR  SHOWS  SEASONS  WHEN  LESS  THAN  10  PERCENT 

occur.  Seasons  not  indicated  in  the  fraction  have  between  10  and  4o  per¬ 
cent  OF  THE  ANNUAL  TOTAL. 


The  circular  graphs  centered  on  the  sites  of  meteorological 

STATIONS  SHOW  THOSE  MONTHS  WHEN  FREEZING  CONDITIONS  (iN  SOLID  BLACK)  OR 
THAWING  CONDITIONS  (STIPPLED)  CAN  BE  EXPECTED  TO  PREVAIL  AT  LEAST  90 
PERCENT  OF  THE  TIME.  FREEZE-THAW  CYCLES  WOULD  BE  MOST  COMMON  DURING 
THE  MONTHS  THAT  REMAIN  UNSHADED. 


Reliability  of  the  map  may  be  considered  only  fair  inasmuch  as  all 

DATA  CAME  FROM  TABULATIONS  OF  RELATIVELY  SHORT  RECORDS  (l2,  1 3)  • 


Freeze-up  lines  (isopcctics)  and  break-up  lines  (isotacs)  are 

SHOWN  FOR  THE  FIRST  AND  FIFTEENTH  DAY  OF  EACH  APPLICABLE  MONTH  DURING  AN 
AVERAGE  SEASON.  THE  RELIABILITY  OF  DATES  IS  GENERALLY  GOOD  EXCEPT  WHERE 
LITTLE  OR  NO  DATA  WERE  AVAILABLE,  AS  IN  SPITZBERGEN,  ICELAND,  MOST  OF 

Greenland,  and  the  lesser  islands  north  of  the  75th  parallel.  The  period 


BETWEEN  BREAK-UP  AND  FREEZE  -UP  OF  THE  LARGER  STREAMS  MAY  BE  CONSIDERED 
AS  THE  NAVIGATIONAL  SEASON.  THERE  ARE  YEARS  ON  RECORD  WHEN  CERTAIN  OF 
THE  NAVIGABLE  RIVERS  IN  SIBERIA  HAVE  NOT  BEEN  OPEN  TO  THE  PASSAGE  OF 
SHIPPING  THROUGHOUT  THE  ENTIRE  SUMMER. 

THE  INFORMATION  FOR  BOTH  MAPS  WAS  DERIVED  PRIMARILY  FROM  U.S.  AND 

British  coastal  pilotage  manuals  (1,  1 6)  and  annual  climatic  summaries 
by  the  U.S.  Weather  Bureau. 

i.  Snow  depth  (Map  l6) 

Average  snow  depths  for  the  month  of  greatest  accumulation  are 
SHOWN  BY  ISOPLETHS  DRAWN  IN  10-INCH  INCREMENTS  UP  TO  A  DEPTH  OF  80  INCHES. 
Where  depths  exceed  80  inches  (in  Greenland  and  the  Alaskan  highlands), 
100-  and  120-inch  lines  are  also  included.  A  5-inch  line  appears  in 
the  Barents  Sea  and  at  the  mouth  of  the  Yana  River  in  Siberia  to  emphasize 

THOSE  SHALLOW  SPOTS.  FOR  CLARITY  IN  DRAFTING,  THE  DASHED  LINES  ALONG 
THE  SOUTHEAST  COAST  OF  GREENLAND  ARE  SHOWN  ONLY  BY  20-INCH  INTERVALS  UP 

to  60°  North. 

Major  areas  of  permanent  ice  fields  at  hi  her  elevations  are  set 

APART  BY  GRAY  SHADING  TO  INDICATE  DEPTHS  IN  EXCESS  OF  1 20  INCHES.  THE 
TERM  "ELEVATED  ICE  FIELDS"  DIFFERENTIATES  THESE  MAJOR  CORE  AREAS  FROM 
THE  MANY  VALLEY  AND  PIEDMONT  GLACIERS  AND  MINOR  ICE  FIELDS  THAT  COULD 
NOT  BE  SHOWN. 

Reliability  of  the  map  is  fair  to  good  throughout.  All  data  were 

TAKEN  FROM  FaLKOWSKI  (5)  AND  HASTINGS  (6). 

j ’  Precipitation  frequency  in  summer  (Maps  17,  18,  19) 

The  mean  monthly  number  of  days  with  occurrence  of  at  least 

Q .01  INCH  OF  PRECIPITATION  IS  SHOWN  BY  ISOPLETHS  IN  2-DAY  INCREMENTS  FOR 

June,  July,  and  August.  The  basic  data  for  Greenland  and  Siberia  had  to 

BE  ADJUSTED  FROM  FREQUENCIES  GIVEN  IN  METRIC  UNITS  (EQUIVALENTS  OF  0.04 

and  0.004  inch).  Elsewhere  the  reliability  of  the  lines  is  good. 

The  data  came  mainly  from  summaries  by  the  U.S.  and  Canadian  Weather 
Bureaus,  and  from  the  British  Air  Ministry  Tables  (2). 

(Errata:  In  Alaska,  the  inclosed  i4-day  line  on  the  Kenai  Peninsula 
and  16-day  line  in  the  Panhandle  should  both  be  labeled  12.) 

k .  Annual  preci pi tation  (Map  20) 

ISOHYETS  ARE  DRAWN  AT  5_|NCH  INTERVALS  UP  TO  25  INCHES  PER  YEAR. 

In  wetter  areas,  up  to  the  maximum  of  222  inches  in  the  Alaskan  Pan¬ 
handle,  THE  INTERVAL  IS  INCREASED  TO  25  INCHES. 

The  information  on  this  map  has  good  reliability  in  all  areas  except 

THE  ICECAPPED  ARCTIC  ISLANDS,  WHERE  IT  SHOULD  BE  REGARDED  AS  VERY  POOR. 

All  data  were  deriveo  from  Falkowski  (5)  and  Hastings  (6). 
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l .  Frequencies  or  strong  winos  in  winter  and  summer  (Maps  21  and  22) 
These  haps  show  the  percent  or  surface  winds  or  at  least  25  miles 

PER  HOUR  OURING  THREE  WINTER  MONTHS  AND  THREE  SUMMER  MONTHS.  LINES  ARE 
SHOWN  IN  10-PERCENT  INCREMENTS  ANO  AT  1  AND  O-PERCENT  LEVELS.  THE 

ZERO  LINE  IS  GIVEN  TO  EXCLUDE  THOSE  AREAS  WHERE  THE  AVAILABLE  PERIOD  OF 
RECORD  SHOWED  NO  OCCURRENCE  OF  WINDS  THIS  STRONG. 

Wind  arrows  indicate  the  prevailing  direction  for  all  surface  winds 

DURING  THE  THREE-MONTH  PERIODS.  THESE  ARE  NOT  NECESSARILY  THE  SAME  DIREC¬ 
TIONS  AS  THOSE  FROM  WHICH  THE  WINDS  EXCEEDING  2^  MILES  PER  HOUR  CUSTOM¬ 
ARILY  ORIGINATE. 

Owing  to  the  short  periods  of  frequency  records  and  the  local  nature 

OF  WIND  CONDITIONS,  THE  RELIABILITY  OF  THE  LINES  ON  THESE  TWO  MAPS  IS 

poor  to  faip.  The  data  came  primarily  from  Rayner  (12,13). 
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MAJOR  PHYSIOGRAPHIC  FEATURES 
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VEGETATION  ZONES 


TREELESS  TUNDRA  (partly  barrtn) 


FOREST,  MOSTLY  CONIFEROUS 


BARREN  (rock  daiart  and  ptrmanant  it*) 


FOREST  TUNDRA  (Iriti  ipart*  ar  in  patch*!,  baft  cammon) 


LOW  WOODLAND,  BRUSH,  AND  MEADOW 


IMtti  l»r««a,  Ilf,  pld«.  latch  COMMON  NAIDWOOOSi  hitch  aid*'.  wltlaw.  COMMON  TUNOIA  MANII  tadpa.  «>•••  util  I. chant  It.  th 

Mach  (I  latail  |*M  I*  ilttitrf  and  Itttk  ll  *0*  In  ItrtritR  Util  aad  ••  kliktr  it  Scandinavia 
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ANNUAL  NUMBER  OF  FREEZE-THAW  CYCLES 


ARCTIC  ENVIRONMENT 

90  PERCENTILE  FREEZE  OR  THAW  MONTHS 


Below  32°  F 


SAMPLE  STATION 


Above  32°  F 


ARCTIC  ENVIRONMENT 

MEAN  FREEZE-UP' DATE  FOR  RIVER  ICE 


•riHZI-UF  DITINID  *1  (NO  or  NAVIOAIION  SIASONi  minimum  ici  thickniss  or  SIX  inchis 
(Safa  lar  all  KlitaatmlW  tray.l^OI  IACH  ADDITIONAL  ilX  INCHIS  01  THICKNISS.  ADD  ArriOXIMATILY 
It  OAVS  Ur  TO  MIO-ntlUAlY 

lilii  «4  taka  '  hwi-a  m  i  iwHlr  ll  I«|I  mH4i 

I#  llWln.  Oi-O.lili  l  Ni-KiimIm  fti  - 1*.  .aUi 
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Wind  arrows  fly  with  tha  prevailing  "ALL  -  SPUD"  direction  for  tho  throe  month  period 
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MEAN  PERCENT  OF  SURFACE  WINDS  OVER  24  MILES  PER  HOUR 

JUNE-JULY-AUGUST 


